The Polycomb (Pc) gene of Drosophila melanogaster is a member of a large class of genes (Pc group) required for the segment-specific repression of homeotic selector genes. Mutations in Pc-group genes show strong posterior transformations in homozygous embryos resulting from an ectopic expression of homeotic genes in segments where they are not supposed to be active. Genetic evidence uggests thatPc is part of a cellular memory mechanism responsble for the transmission of the homeotic expression pattern through developmental time. We have determined the nucleotide sequence for the genomic DNA of the Pc gene and for cDNAs corresponding to the 2.5-kilobase Pc mRNA. The deduced sequence of the Pc protein exhibits a homology to the heterochromatinassociated protein HP1 encoded by the suppressor of position effect variegation gene Su(var) 205. The homology is confined to a 37-amino acid domain in the N-terminal part of the two proteins. Our minas extend to the molecule level the genetically identified parallels between the Pc-group genes and the modifiers of position effect variegation. This sggess that Pc could use analogous mechanisms at the level ofthe higher order chromatin structure for the stable transmission ofa determined state, as has been proposed for the donal propagation of heterochromatin domains.
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The metameric organization of the Drosophila embryo is dependent on the correct spatial expression of the homeotic genes of the Antennapedia (ANT-C) and Bithorax (BX-C) complexes (1) (2) (3) . The Polycomb (Pc) gene together with other members of the Pc-group genes act formally as repressors of the homeotic genes (1, (4) (5) (6) . Homozygous mutants ofPc die at the end of embryogenesis, showing generally posterior transformations ofhead and body structures. This phenotype has been interpreted as resulting from ectopic expression in anterior segments of homeotic genes normally expressed only more posteriorly (1, 4) . The negative regulatory function ofPc on homeotic selector genes is required throughout most of development: Pc mutants show a maternal effect, and, zygotically, the Pc gene product is required during the entire larval period for normal adult development (7) (8) (9) (10) (11) .
In situ localization of homeotic gene RNAs and proteins has confirmed that in Pc-embryos, these genes are ectopically expressed in segments anterior to their normal domain ofexpression (12, 13) . However, molecular analyses revealed that the initial pattern of homeotic gene expression was normal up to the end of germ band extension; only after this embryonic stage does the normal pattern degenerate to yield anterior expression (ref. 14; R.P., unpublished data). Similar results were obtained for the gene extra sex combs (esc), another member of the Pc-group genes, where in addition it could be shown that the delayed effect was not due to the persistence of the maternal component (15) . These results suggest that Pc and other Pc-group genes are responsible for the transmission through the rest of development of the early homeotic gene pattern determined by the transient expression of the maternal and segmentation genes.
In Drosophila the phenomenon of position effect variegation points to a mechanism that can stably turn off genes by heritable features of the chromatin (16) . Euchromatic genes placed next to heterochromatin by chromosomal rearrangements can become inactivated by a spreading effect of the heterochromatin. The influence ofheterochromatin on neighboring euchromatin can occur to a different extent in different cells. Once established, however, the pattern is stably and clonally inherited, giving rise to a variegated pattern. Similar mechanisms seem to effect the inactivation of the X chromosome in mammals (17) . Several dominant Drosophila mutants that enhance or suppress variegation have been identified (16) . Their gene products are thought to be structural components of heterochromatin. Based on the gene dose sensitivity of this class of genes, Tartof and colleagues (18) suggested that their protein products are constituents of multimeric complexes that spread along the chromosome by forming concatenated structures. The Pc group of genes and the family of modifiers of variegation share the property that their effect on gene inactivation is dose dependent.
In (20) . Plaques (2 x 105) were screened with the EcoRI-HindIII fragment encoding most of the Pc gene ( Fig.   1 ). Twelve Pc-specific cDNAs were identified and subcloned into the pEMBL8 vector (21) . Subclones of the genomic fragments in pEMBL8, as well as full-length cDNAs, were prepared for sequencing by generating overlapping, directed Exo III deletions (22) . Sequencing from the single-stranded DNA clones was performed using the dideoxy method of Sanger et al. (23) . Protein homologies were identified using the FASTP program on the Swiss-prot (EMBL Nucleotide Sequence Data Library) and National Biomedical Research Foundation data bases (24) .
In Situ Hybridization. Isolated DNA fragments were labeled with digoxigenin-dUTP using the kit and the accom- 78D 7,8 . The upper line shows the orientation and the extent of the genomic DNA with the location of some characteristic restriction enzymes (A, Ava I; B, Bal I; C, Cla I; E, EcoRI; H, HindI1; P, Pst I). The lower part shows the composite structure of the 2.5-kb Pc mRNA, as deduced from the complete sequence of the Pc-12c cDNA, the partial sequence of the Pc-6c cDNA, the sequence of the genomic DNA (see panying protocol distributed by Boehringer Mannheim. Nucleotides were incorporated for 3 hr at room temperature using the "random primer" technique. Fixation, in situ hybridization, and detection of the nonradioactively labeled probes followed the method described by Tautz and Pfeifle (25) , with some slight modifications. Young embryos (0-8 hr)
were treated with 100 ,ug of proteinase K per ml (Boehringer Mannheim) for 5 min at room temperature. For older embryos (8-12 hr) the same treatment was prolonged to 13 min. A 1:1200 dilution of the antibody provided by the Boehringer Mannheim kit was used for the detection of the digoxigenindUTP. Stained embryos were immediately embedded in the JB-4 medium (Polysciences). RESULTS Sequence of the Pc Gene. The Pst I fragment shown in Fig.  1 encompasses the entire Pc gene. We will show elsewhere that this fiagment can rescue lethal Pc alleles when introduced into the genome by P-element transformation (R.P., J. Lauer, and D.S.H., unpublished data). The Pc gene encodes a major 2.5-kb mRNA that is transcribed throughout development. A minor 2.0-kb mRNA is found in poly(A)+ RNA preparations of unfertilized eggs and early (0-4 hr) embryos. Another minor 1.0-kb mRNA was found to be expressed in larval salivary glands (26) . We have used the EcoRI-HindIII fragment in Fig. 1 to screen an embryonic cDNA library (20) . Two cDNAs (Pc-12c and Pc-6c) that represented a full-length copy of the 2.5-kb mRNA were selected for sequencing. No cDNAs of the minor mRNA classes were isolated, although different cDNA libraries from appropriate stages were screened. Fig. 1 shows the structure of the 2.5-kb mRNA as determined by comparing the genomic sequence ofthe 3.7-kb Pst I fragment and the sequence of the full-length cDNAs. Only one intron separates the smaller 5' exon from the 3' exon. This arrangement was confirmed by S1 nuclease protection experiments using various genomic fragments to protect embryonic poly(A)+ RNAs (data not shown). The cDNA sequence revealed an ORF for a 390-aa (44 kDa) protein (Fig. 2) .
Characteristics (26) . Three potential nuclear targeting sequences underlined in Fig. 2 may be responsible for this localization.
A comparison of the Pc protein sequence with different protein data bases did not reveal a homology to functionally characterized protein domains. The only significant homology, excluding those due to the histidine repeats, was to the HP1 protein (formerly ClA9) encoded by the suppressor of variegation gene Su(var) 205 (19, 29) . This homology is restricted to a stretch of 37 aa in the N-terminal portion of both proteins (Figs. 1-3) . Since the two similar domains occur in two proteins that are involved in the organization of the chromatin we have named this the "chromo domain" (chromatin Qrganization modifier). The 111 bp encoding the chromo domain is called the "chromo box." Fig. 3 shows that the two chromo domains are to 65% identical over their 37 aa, with conservative replacements accounting for another l9o. No other significant similarities between the two proteins were found in the remaining sequences.
Distribution of the Pc Transcripts. Two genomic fragments EcoRI-Ava I and Ava I-HindIII (Fig. 1) were used separately to detect the distribution of the Pc transcripts in embryos. Both fiagments showed the same pattern in all stages tested. Northern analysis as well as in situ hybridizations showed that Pc transcripts are most abundant in unfertilized eggs and early cleavage stage embryos, when the Pc mRNA is homogeneously distributed (data not shown). At blastoderm stages Pc transcripts are still essentially uniformly distributed, though less staining is evident at the anterior and posterior poles (Fig. 4) . Pc (4, 9, 30) . This complexity of the Pc phenotype does not seem to be encoded in the organization ofthe gene. Its structure is relatively simple and its regulatory domain cannot be very extensive, considering that the 3.7-kb Pst I fragment (Fig. 1) Pc- phenotypes. In addition, the complex phenotype also results from the sum of multiple, cross-regulatory interactions of ectopically expressed transcription factors, in particular those of the Antennapedia (ANT-C) and Bithorax (BX-C). The structure of the 2.0-kb and 1.0-kb Pc mRNAs has not yet been determined. Their function during development would appear, however, to be minor. In contrast to the 2.5-kb mRNA, the 2.0-kb transcript is strictly maternally expressed (R.P., J. Lauer, and D.S.H., unpublished data). Genetic experiments have shown that the lack of the maternal Pc component can be rescued by a wild-type paternal gene, resulting in normally developed embryos (8, 10) . The 1.0-kb transcript has so far been found only in one particular tissue, the larval salivary glands (26) .
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The amino acid sequence of the Pc protein encoded by the 2.5-kb mRNA revealed several distinct features. The high content of polar amino acids gives the protein a very strong hydrophilic appearance in calculated hydrophobicity plots. Three potential nuclear targeting signals are localized in the N-terminal half of the protein (31). The two long histidine repeats in the middle of the protein are an addition to the many different homopolymeric stretches found in other Drosophila nuclear proteins, which also includes the similar histidine-rich paired repeat (32 (Fig. 3) . The potential nuclear targeting signal of the chromo domain appears to be conserved in both proteins (Fig. 3) . The function of these chromo domains, defined in this work by their homology, is unknown since functional domains have not been identified in either protein. It will be interesting to see whether the chromo domain is retained in other Drosophila proteins, or even in other organisms, and to determine the functional relatedness of such proteins.
The molecular relationship that we find between a Pcgroup gene and a gene of the Su(var) class could point to a common mechanism of gene regulation. The HP1 protein is associated with heterochromatin (19).. The finding that it is encoded by the Su(var) 205 gene suggests that it is a component of the multimeric complexes proposed to be involved in the packaging and in the clonal heritability of heterochromatic chromosomal domains. Polycomb together with other proteins ofthe Pc group might use similar mechanisms for the stable transmission of a determined state of a cell, as defined by its specific set of expressed determinants (i.e., homeotic transcription factors) (33) . This process of cellular memory could use heterochromatin-like multimeric domains to keep homeotic selector genes repressed in regions of the embryo where they were not activated by the early maternal and segmentation genes. The homeotic expression pattern locked into such a stable conformation of chromatin would be maintained through the rest of development by the same heritable features used by the heterochromatin. It will be of interest to define the functional role of the chromo domain within such a chromatin complex and to see whether it gives us a molecular handle to isolate other components involved in the phenomenon of cellular memory.
